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Executive Summary

The purpose ot the Inspection Program Area Review was to solicit program feedback from a broad and '
diverse base of technical expertisc. The invitees to the review included representatives from the

airlines, aircraft manufacturers. and the Department of Defense, other experts in the technology of

nondestructive inspection, the FAA Aging Aircraft Program managers and staff, members of the

Technical Oversight Group on Aging Aircraft (TOGAA), members of the Airworthiness Assurance

Nondestructive Inspection Working Group (AANWG), and the Director of the FAA Technical Center.

Because many of the tasks are at a stage of maturity where critical decisions regarding their
continuation must be made, and because of the heightened emphasis on technology transfer, the need
for responsible feedback is greater than ever. This document is part of an effort to encourage
additional constructive criticism.
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Record of Inspection Program Area Review
Center for Aviation Systems Reliability, Ames, Iowa
April 5-7, 1994

prepared by
Chris Smith

The summary of participant comments contained in this record is taken from the personal notes of
FAA Aging Aircraft Program staff, notes supplied by Lisa Brasche, CASR Assistant Director, and
from the evaluation sheets submitted at the end of the review. This record focuses or the comments
and discussions during and following the several presentations. Specific technical information on the
presentations themselves can be found in the presentation material beginning on page 24.

Attendance and Agenda

The meeting was attended by representatives from the FAA, FAA sponsored researchers, FAA
oversight groups, airframe manufacturers, aircraft operators, and other invited guests. All invitees
(present or absent) and all participants will have received a copy of these proceedii.gs

An agenda representing the actual sequence of presentations is attached. It differs from the pre-
meeting agenda in two primary ways: Chris Seher's talk on 'managing the tech transfer process' was
folded into his introductory remarks, and three talks (enhanced tools for visual inspection, x ray
inspection for corrosion detection, and eddy current methods for corrosion detection) were deleted
from the program due to time constraints. While x-ray backscatter was discussed as a candidate tech
transfer activity and an abbreviated presentation on visual inspection aids was presented as part of the
laboratory demonstrations, the eddy current task was only mentioned briefly.

General

It is the general consensus of FAA Technical Center personnel that the meeting went very well. Oral
and written feedback from Review participants substantiates this judgment. Though there were some
significant scheduling difficulties, the majority of inspection program area tasks were both presented
and discussed in adequate detail. The predominantly positive tone of the meeting can be seen in the

individual comments presented in Appendix H.

In an effort to form a consensus among a broad spectrum of reviewers, FAA Aging Aircraft Program
elected to review the inspection program area with both TOGAA and AANWG together. It was also
the first real effort to highlight the technology transfer activities of the program area. These two
factors in conjunction with our desire to review both inspection and inspection-related programs
resulted in a somewhat disconnected and repetitive set of presentations, leaving out some introductory
information and leaving out entirely our new starts.

Though the pre-meeting packet (see Appendix C) attempted to alleviate the need for extensive
programmatic information, some review participants felt that some additional programmatic
information should have been presented. In particular, it was felt that there should have been some
discussion of the scope and structure of the inspection program areas and its relationship to other
Aging Aircraft program areas.

Several participants commented that there seemed to be too much repetition in the agenda and that they
could not distinguish clearly the intent of presentations in 'validation' and those under other topics.
The original intent was to select the six to eight most mature and promising technologies for




presentation as technology transfer candidates. These presentations were to focus on the applications
with discussion of the rechnology issues deferred to later in the agenda.

The intent was also to have presenters focus their presentations on 1) progress last year, and 2) plans
for tecl: transfer especially in conjunction with AANC. Because the FAA sponsors and participates in
workshops and forums with technical focuses, there was little need to discuss at length the technical

foundation of each task at this meeting. FAA management had anticipated that presenters would have
prepared more conceptual and less technical presentations.

Scope and Nature of the Inspection Program Area: Because of time constraints the agenda contained
only those tasks initiated before March of 1993, leaving out several new starts. This led some
participants ro question whether the Inspection Program Area has established an adequate balance of
long and near term tasks and whether the Program Area through-put was adequately staggered. In
fact, the Program Area management does feel that while the balance of long and near term research is
adequate, the number of mature near term research tasks as compared to new starts is somewhat high.
The 1995 fiscal year budget will be developed with this balance in mind.

During Pat Walter's presentation of the coherent optics work at New Mexico State University it was
mentioned that the technology under examination has potential for the computational analysis of strain
fields. Though in the context of this review the comment is not very significant, it does raise an issue
which is just now being addressed by the Program: In addition to its focus on technologies for
detecting flaws likely to be found on in-service aircraft, should the inspection program area use their
nondestructive evaluation expertise and resources to directly support the structural integrity program
area? Such activities might include the use of coherent optics in the measurement of strain fields
around rivets.

Facilities and Resources: Review participants showed significant interest in AANC's sample library.
The FAA's chief scientist, Robert Machol, pointed >ut that the creation and support of a sample
library is an activity which may have the added support of the FAA administrator's office.

Other comments on the library focused on its extent, use, and preservaiion. Issues included:

The possible role of that sample library in assisting manufacturers in the development of inspection
procedures for operators: It seemed to be the prevailing opinion that the interaction of
manufacturers and operators with regard to the development of inspection procedures could not be
significantly enhanced by AANC's direct participation.

The need for this library to be recognized as a national resource to be used and augmented by a
broader range of organizations: The appeal for contributions to the library was again made.

While AANC does own and maintain their own samples, they would like to catalog samples owned
and controlled by other organizations. Chris Seher repeated his request that FAA contractors and
collaborators respond to AANC's request for sample information.

The ability of AANC to preserve specimens in a static state of corrosion. Albuquerque's climate
is not likely to significantly change the character of corrosion samples over a several year period.

Validation and Technology Transfer

It became clear to review participants that there are several perspectives on the nature of technology
transfer. While Pat Walter did attempt to articulate the issues associated with technology transfer, a
formal, coherent, and logical framework is yet to be developed. Because of its complexity it may be
appropriate to sponsor an individual review of the technology transfer activities. This would also
benefit future inspection program area reviews which usually suffer from time constraints.




Concerns regarding the Technical Center's teaming arrangements with operators, manufacturers, and
vendors included the question of who would fund the development of inspection systems past the
research and development stage. While commercial interest must pick-up an increasing share of the
financial burden as systems move through the technology transfer process, neither the FAA nor AANC
has any intention of charging (or ability to charge) individuals or organizations for the use of
government resources in the process.

Complicating this issue is that, while the broad mandate of the FAA charges us to foster air commerce,
the more specific mandate of the Aging Aircraft Program is focused primarily on safety issues. Based
on the broader mandates of the FAA and based on the premise that economics and safety are almost
always inseparable, the Aging Aircraft Program management feels that its technology transfer
initiatives are entirely appropriate and warranted.

MOI Validation: Review participants expressed significant interest in Floyd Spencer's presentation on
the assessment of the Magneto Optic Imager’s field performance potential. Many of those concerns
are germane to both this assessment and the eddy current inspection reliability experiment (ECIRE),
but are more appropriately discussed in conjunction with the latter.

Though specific statements regarding the MOI performance must be carefully qualified, it was
generally agreed that its detection performance is roughly comparable to the sliding probe with
somewhat shorter inspection times. Because the experimental specimens have a far greater density of
flaws than one would expect on in-service aircraft, and because the verification and recording of those
flaws is independent of the in MOI device, we cannot at this tiine make a more definitive statement
regarding the time-saving ability of MOI.

Further questions on the maturity of the MOI product and on the need for calibration of the instrument
were briefly addressed. '

Cost-Benefit Analysis: ATA members took unexpected interest in the presentation of the cost-benefit
work. Though a report on generic cost-benefit analyses was scheduled to be used only internally, we
have as a result of this interest agreed to release the report to the public. A second report detailing in
‘cookbook’ fashion the cost benefit procedures (and possibly associated software) are to be released to
the public at a later date.

ATA members also expressed some concern that cost-benefit procedures used and distributed by the
FAA correspond closely with similar procedures used by operators in evaluating inspection system
investments. Steve Erickson feels that the Net Present Value model presently used should be
structured in such a way that its results are readily accessible to airline operators. Use of constant
dollars - popular among airline operators - is one means of increasing this models accessibility.

It was also pointed out that the FAA's notice of proposed rule making (NPRM) preceding the issuance
of any Airworthiness Directive contains a cost impact statement. Any cost-benefit analysis work
pursued must at least acknowledge (if not derive from and agree with) this impact statement.

Eddy Current Equipment & Evaluation of Scanners: The 'consumer reports' format and its first two
applications (Nortec Eddy Scan and Scanners) were well received. Much of the discussion on Eddy
Current Equipment focused on suggestions for expanding the work by examining alternate applications
or equipment.

It was suggested that we also apply cost-benefit analyses to our 'consumer reports’. Regarding the
first such report, Evaluation of Scanners for C-Scan Imaging in Nondestructive Inspection of Aircraft,
Program management had decided that the range of applications was too broad to permit an accurate
and useful cost-benefit analysis. The report was designed to allow users with specific applications to
make decisions on cost and utility, and not to endorse or condemn particular systems.
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Proposed Ultrasonic Inspection of ¢ DC 9 Wingbox T-Cap: The difficulties in technology transfer
were quite evident in discussions surrounding the proposed technology transfer of Northwestern
University's self compensating ultrasonic probe. Though the service bulletin being investigated for an
alternate means of compliance is specific about the procedures (o be implemented, a more vague
statement of the intent of the inspection lead to some confusion regarding the nature of the flaws to be
found. Some time ago McDonnell Douglas substituted in a wing box T cap a 7075 T73 aluminum
alloy for the same alloy with a T6 heat treatment which was found to be susceptible to stress corrosion
cracking. While the T73 was not as susceptible to stress corrosion cracking it did experience severe
exfoliation corrosion and subsequent cracking. It was finally agreed that the intent of the inspection
was to locate the corrosion.

Discussions among the participants lead to the general consensus that even if the self-compensating
probe is able to detect with sufficient resolution and reliability the corrosion, accept/reject criteria,
calibration, and other performance characteristics must be established for the procedure.

Prioritized Technology Transfer Candidates: Aging Aircraft Program staff, CASR and AANC staff,
and other collaborators agreed to present for review the following list of technology transfer
candidates:

xray densitometers
Xxrsim

xray backscatter

dripless bubbler

eddy current probe tester
thermal wave imaging

Each candidate was presented with a brief discussion of its intended application and potential for
success. Unfortunately, prioritization of this list was not presented or obvious. Other technology
transfer candidates were included ad-hoc and were neither indicated on the agenda nor listed on the
feedback sheets.

The specificity of the indicated applications varies significantly, ranging from very specific (e.g. the
DC-9 wingbox T-cap inspection defined by SB 57-98) to rather general (e.g. XRSIM as a tool for
inspection engineering or training). In some cases more specificity may be appropriate (e.g. specific
application for the thermal wave techniques). In other cases the degree of specificity should remain
low, leaving the inspection engineering to organizations better suited to the development of specific
applications.

Review participants pointed out several concerns and opportunities overlooked by the some of the
technology transfer proposals. [t was puinted out that both the dripless bubbler and the xray
densitometer were technologies that have been implemented in other forms either commercially or
privately. Martin Marietta used a device similar to the dripless bubler for inspection of welds. It was
suggested that that device's water containment seals be investigated as a possible improvement to the
dripless bubler which is experiencing some durability problems with its present seals.

It was also pointed out that the X-ray densitometer technology is available in a somewhat different
form (and for far greater cost) from certain film manufacturers. The experience of that commercial
product may be significant interest to our proposed effort.

It is likely that these two situations are not unique. As technologies move closer to commercialization,
one would expect that the particulars of product engineering include features which may have been
applied to similar products in the past. As such we must be careful to learn from the experience of
these products, avoiding redundant solutions or product features which have been shown to be

12




impractical. It was suggested that the formal participation of aircraft operators, aircraft manufacturers,
and equipment vendors in a 'strategic partnership’ would help to alleviate this potential.

In discussion involving the eddy current probe calibrator it was pointed out that while this system
would appear to be of great value, its potential market may be less than ten units. It was therefore
suggested that several prototype devices could be built and distributed to the entire set of potential
users. Because of the anticipated cost of such a program, this suggestion - or any plan for technology
transfer - cannot be seriously entertained without some assurances that the technology is of significant
benefit to the aviation industry:

It was suggested that a reliability study be done to determine the effects of sub-optimal probe
configuration on probability of detection.

It was also suggested that John Moulder pursue an ASTM standard for the device. Such a
standard would greatly increase the utility of such a device. Some efforts in this area have
been made, but other avenues have not been fully explored.

Both of these proposed efforts are under consideration.

The excitement over the potential of AANC to implement technology transfer led some participants to
request that the FAA facilitate access to the Validation Center. These proceedings contain an
'information packet’ (Appendix D) prepared by AANC for exactly this purpose. Mention of the packet
has appeared and will continue to appear in the FAA Quarterly Newsletter.

Inspection Reliability and Visual Inspection

Review participants concluded that Inspection Reliability was a high priority area of research, but felt
that the presentation of the material could have been improved. The consolidation of the individual
tasks into a coherent program was not evident.

Eddy Current Inspection Reliability Experiment: There were several comments and questions
regarding the planning and execution of the eddy current inspection reliability experiment (ECIRE).
While some decisions regarding the experiment were questioned, no issues raised at this meeting were
left unexamined during the planning phase of this experiment: The selection of controlled and un-
controlled (but observed) variables, the analysis of the Hawthorn effect, and the treatment of false
calls were all carefully planned. The three volume set of reports documenting the experiment gives
full details of the experiment planning, execution, and analysis.

It is important to note that the probability of detection (POD) curves are parameterized by several
controlled and uncontrolled factors. The importance of these parameters on the POD curves is so great
that several review participants advised that no POD curve be published without the parameters of that
inspection clearly marked on the graph itself.

In addition to the acknowledgment of this parameterization, one must also be aware of the intent of the
inspection and the intent of the inspectors. The Boeing procedures used were not intended to ensure
the detection of the smallest crack possible. Instead these procedures were designed with the intent of
approaching a 'step-function’ POD at a certain crack length. Airline inspectors, however, are
accustomed to 'out performing’ the specification and will typically produce POD curves shifted to the
left of this ideal but at the cost of a more gradual transition from 0O to 100 percent probability of
detection.

A question which may not have been adequately answered during the presentation involved the

handling of false calls and calculation of POD in the absence of complete knowledge of the flaws on
the two large specimens. The false call rate was only calculated using data from those panels which
were fully characterized and the POD curves, while calculated using all known flaws on both panels,
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are statistically unaffected by the presence of unknown flaws. (i.e. no matter how a subject marked or
failed to mark such a flaw, there can be no effect on the POD curve.)

POD curves generated for field inspectors generally showed an upper asymptotic probability of
detection of less than unity (100% detection). This was a reflection of the notion that a certain aspect
of non-detection is independent of crack size. Such an aspect might include factors such as failure to
return to the next sequential rivet after a break or failure to adjust the equipment correctly. It is
interesting to note that when this asymptote of the POD curve is less than 0.9 the traditional
benchmark of 90 percent detection with 95 percent confidence is a singular point at infinite crack
length.

It was pointed out that one of the most generic models for probability of detection in a field
environment is a function of three primary factors: 1) human & environment, 2) calibration, and 3) the
physical dimensions of crack itself. At the time of presentation it was not made clear whether or not
the ECIRE included a universal calibration on a single calibration block. The protocols for the
experiment did, in fact, call for this calibration, but the initial report on the experimental data does not
include a formal analysis of the effects of calibration on PoD (neither a design factor analysis nor a
retrospective analysis). Such an analysis is necessary to do cross-facility comparisons.

It was suggested that the FAA repeat (in a 'quick and dirty' fashion) the ECIRE with a 30 mil
calibration standard and a 10 mill calibration standard. This suggestion is under consideration.

Visual Inspection Program: Discussions during and following the presentation of the visual inspection
plan indicated that there are still some very significant issues surrounding the approach of the present
plan. These issue range from the optimal balance of expertise required to execute the work to the
introduction of 'pseudo-flaws’ in the AANC 737.

The introduction of 'pseudo-flaws’ was discouraged by several participants. Some felt that the concept
itself was flawed, and that regardless of their visual similitude to real flaws, inspectors would not
acknowledge 'pseudo flaws' as equivalent to real flaws and would not respond to them as they would
to real flaws. Others felt that the state of the science - if it existed at all - was not sufficiently
advanced to allow this type of experiment at this time. Our knowledge of 'pseudo - flaws' was likened
to the initial efforts to simulate cracks with EDM notches.

It was felt by certain participants that the distribution of expertise selected to implement the visual
program relied too heavily on individuals with "human factors' backgrounds. It was suggested that the
advisory group include more participation by airline inspectors, and reliability and structural integrity
experts. A specific suggestion was to include Ward Rummel on an advisory panel. Both the general
suggestion of balancing the distribution of expertise and the specific suggestion of including Ward
Rummel on the advisory panel have been accepted.

Visual inspection remains a very high priority for aircraft operators, so it was somewhat disappointing
to participants that the visual plan seem to be stuck in Phase 1 (problem definition). One suggestion
for 'jump-starting' the program was to use the ECIRE panels and other AANC samples to do a cheap
visual detectability study. While such a study would reveal information only on detectability and not
probability of detection, it could offer some insight into the nature of the visual inspection process.

There was some concern that visual inspection (as a percentage of aircraft inspection needs) tapers off
with aircraft age. The implication is that operators with the least available capital would have the most
significant NDI needs.

Discussion originating during the presentation of the visual inspection program lead to additional in
depth discussions during the executive sessions. These discussions terminated without resolving some
critical questions on nature or extent of visual inspection:
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Are visual inspections primarily for crack detection, corrosion detection, or for configuration
verification?

For visually inspectable cracks is the crack length the most significant parameter for PoD?
Is the PoD of a non-directed or directed inspection a valid reliability measure?

How much do operators rely on visual detection of cracks? What percentage of all cracks found
are found visually? 90%?

Addressing the issue of whether or not the assessment of visual reliability was possible or not, Jess
Lewis suggested that we use SDRs and the estimated 4004+ Airworthiness Directives per year to
identify visual inspection needs, then jump directly to tool development. The generally positive
response to the visual aids presentation lends some credibility to this less formal and more empirical
approach.

D-Sight: Questions were raised about the interpretation of "signals”, PoD, effects of manufacturing
variability, and comparison with other wide area techniques.

Computational Models for Inspection Engineering: The presentation was restricted to the X-ray
modeling work at CASR which is by far the most advanced. Overall reaction to XRSIM was very
positive. The FAA and CASR are presently considering the development of computational models for
Eddy Current Inspection and Ultrasonic Inspection.

Technologies for Flaw Detection

In a general response to the projects presented as part of the Technologies for Flaw Detection RPI,
TOGAA committee members suggested that we de-emphasize the lap splice. Resources should be
redistributed to show more a balance with other multi-site/widespread damage problems. Other
options in this area include examination of the tear strap disbond problem.

Steve LaRiviere suggested that the FAA consider the 'bushing hole' problem perhaps using a rotating
eddy current probe. Inspection Program Area personnel are presently making efforts to understand
the scope and nature of this problem. The assistance of Boeing personnel is being solicited.

While the use of composites on older aircraft is somewhat limited, operators and manufacturers
stressed the need for enhanced composite inspection technology. Since composites are used in
secondary structure and there is interest in composite repairs to metallic structures, the Aging Aircraft
Program will direct some resources to composite inspection problems.

Local Laser Based Ultrasonics: Though the appeal of non-contacting inspection techniques is
significant, it was felt that laser based ultrasonics systems (presently used in commercial metal forming
applications) are too expensive and not as capable as more traditional techniques.

Thermal Wave Techniques: There was some concern that there was too much emphasis/redundancy
on thermal techniques. A better comparison would be between application areas - in this case
disbond/corrosion detection in skin splices. While not yet evident the Aging Aircraft Program
management is committed to having AANC compare results of work by Joe Rose (Penn State), Bob
Thomas (CASR/Wayne State), and Nancy DelGrande (Lawrence Livermore). Joe Rose had, in fact,
made mention of an approximate 80% correlation with Thermal Wave Imaging results. A more formal
comparison will follow. This comparison will have to be proceeded by a formalization the image
interpretation.
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Shearography and Coherent Optics: It was mentioned that composites are perhaps the only near team
application for shearography and the efforts in this area should be directed largely to composites.
Shearography for composites will continued to be pursued as a candidate for near term technology
transfer, while opportunities to leverage this technology for metallic structures will be left open. The
interpretation of the shearographic images (as pointed out by both presenters and reviewers) is still a
very difficult issue. As long as such images require exceptional experience and expertise the technique
will not be accepted outside the laboratory.

Regarding the management of the coherent optics work, it was felt that the FAA should encourage
greater interaction between Northwestern University and New Mexico State University researchers.

Ultrasonic Lamb Waves for Disbond Detection: The discussion during the Dr. Rose's presentation and
the written comments on the review sheets indicate a level of concern regarding the lamb wave
research at Penn State. Activities in the next period must focus on the relative advantages and
capability of the technology. Though a formal comparison of Dr. Rose's AANC results with other
techniques could not be made, he did express the judgment that his results did correspond with those of
other researcher’s results using other technologies.

X-ray inspection: The general distaste for X-ray techniques was again apparent at the Review. It was
recommended that we de-emphasize most X-ray efforts except for the work on XRSIM which should
be brought to a more advanced stage of technology transfer. The X-ray Backscatter Depth
Profilometry technology transfer candidate will not have more resources devoted until after results of
workshop scheduled for June.

Automation and Robotics

Robotic Device for Fastened Skins: Concerning the Carnegie Mellon robotics work, participants
expressed sentiments ranging from very enthusiastic to somewhat apprehensive. This is almost
certainly attributable to the perceived uncertainty in its risks and potential associated with its immature
state. While it was suggested that a cost-benefit analysis might allay some of these concerns, it was
concluded that there exists insufficient data at this time. Carnegie Mellon will, however, coordinate
with Venessa Brechling of Northwestern University Transportation Center in efforts to collect the
necessary data for a proposed FY 95-FY96 cost benefit analysis.

In response to a question, representatives from CMRI estimated the cost of the robot (reproduction of
the prototype with no additional engineering) to be about $10,000 for the robot hardware and about
$35K for the software and computer hardware. While these figures would of course depend on the
features incorporated, CMRI has made an effort to use only off-the-shelf technologies to keep the
anticipated cost of the system low.

It was mentioned that at least two other organizations were involved in the development of such robots,
and that CMRI should be in contact with these organizations and that CMRI should relate their
prototype to products from commercial firms (Benthos, Seattle?) and a system under development at
NIST. It was also suggested that the FAA conduct a formal industry-wide survey to assess the
potential for automation in the aircraft maintenance environment.

Neural Nets: Some questions arose regarding the need for neural nets software for wheel inspection.
While certain signal analysis issues still exist, most participants were reluctant to endorse an
'ignorance-based’ method, preferring instead more explicit signal analysis/enhancement techniques.
United has apparently elected to address their wheel inspection needs with a more conventional system.
Nevertheless the approach is technically sound, being used already in the nuclear power industry.
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Training and Information Dissemination

The area of training and information dissemination, and specifically the training task itself, were
identified high priorities by Review participants. Nevertheless there is a strong divergence of opinion
regarding the Aging Aircraft Research Program's potential for contribution in this area. Some
participants seemed to be interested in @ program with broader scope (not just training for FAA
Aviation Safety Inspector) involving the coordination with or participation by industry. The FAA, on
the other hand., is reluctant to engage in any major program without a clear specification of need and
the potential for direct and substantial benefits to the FAA.

[llustrative of this concern is a comment which questioned the propriety of the FAA's involvement in
the later stages of technology transfer (commercialization): Is this a conflict of interest? Will political
instead of economic forces drive the process? Shouldn't Flight Standards make a specific call for
overhaul of 65 5 197 citing specific deficiencies before the Technical Center addresses the problem?

It was suggested that any training course development also include material recently documented in the
report, Emerging Nondestructive Inspection Methods for Aging Aircraft.

Innovative Process for Technology Transfer: This task also drew a wide variety of responses. One
very specific response listed two sets of potential case-studies:

successful technology transfer:
low frequency eddy current
automated bolt hole inspection,
shielded pencil probe
video probe
sliding probe :
unsuccessful technology transfer:
acoustic emissions

Aviation Inspector Training Course: The response to the training effort was overwhelmingly positive.
The approach of using an 'expert design panel’ was suggested as a basis for other FAA training.
While the training was developed specifically for FAA Aviation Safety Inspectors, operators expressed
in acquiring the materials for their own commercial training.
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Summary of Score Sheets
and
Results of the Review

The purpose of the review was to obtain sufficient feedback to optimally direct the FAA Aging
Aircraft Program's Inspection Program Area. The feedback was received as written and oral
comments, and numerical/letter scores associated with each program area or task. Just as we allow no
single individual or group to dictate the program, we allow no single medium of feedback undue
influence.

The following conclusions are drawn from the score sheets alone:

Technology Transfer Process and Its Implementation is one of the highest priority initiatives.
There is some concern that this program initiative requires a better approach/implementation.

Aviation Inspector Training is one of the highest priority activity of those reviewed. It is also
being executed and managed very well.

The Visual Inspection Program is a very high priority. There is, however, a general consensus
that the project requires significant redirection.

Innovative Process for Technology Transfer is a high priority task, which is being executed well.

Eddy Current for Corrosion is a high priority task, which is being executed well. (This tasks,
however, was not presented to the whole group, and as a result there were only 7 reviewers who
chose to comment.)

Both DC-9 and DC-10 applications for Self-Compensating Ultrasonic Device are high priority
tasks and strong candidates for technology transfer.

The Low Cost Photodensitometer technology transfer candidate has significant technology
transfer potential, but its utility (priority) to the aviation industry is limited.

X-ray Backscatter for Corrosion Detection is a low priority with the little potential for near-term
technology transfer.

Neural Nets for Wheel Inspection is low priority. There is a general consensus that the project
requires significant redirection.

many reviewers feel that D-Sight for Corrosion Detection is low priority and that the project
requires redirection. There is, however, a wide diversity of opinion on this task.

Coherent Optics/Shearography The technology is seen as having little near term potential.
Current efforts are considered a medium to low priority and require some redirection.

Thermal Techniques for Disbonds and Corrosion are not viewed as strong near term technology
transfer candidates.

The comments received both in writing and orally support these statements. In some cases program
management had already made plans to change the task scope, direction, or resources to address these
concerns. In those other cases, program management is committed to examining the issues in
conjunction with our sponsors.
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Scope and Nature of the Inspection Program Area: While we do have a complete consensus on the

scope and nature of the Inspection Program Area, we feel that a core program involving technologies
with a two-year 'incubation’ period fed by 10-15% long term research at one end and supplying input
to a technology transfer program at the other is an appropriate approach.

Program management will examine of the relationship and interaction of the Inspection Program Area
with the Structural Integrity Program Areas within the Aging Aircraft Program. No specific ideas for
closer interaction have been suggested.

Technology Transfer: The review emphasized the need for careful planning and execution of
technology transfer activities. We expect no formal change in the program, but do expect to be
exercising close oversight and frequent review.

Specific information on the several technology transfer candidates will be published in the upcoming
issues of the NAARP News.

Visual Inspection: In response to the review, a visual inspection meeting was held in Albuquerque on
May 24 & 25. The team assembled in Albuquerque included several ATA members and Ward
Rummel. The results of that meeting will be discussed in the next issue of the NAARP News.

Composites: The Aging Aircraft Program supports research on the inspection of composites if an
aging aircraft inspection application can be identified or if a technology with aging aircraft applications
can be leveraged to support composite inspection.

Program Redundancy: Two areas were identified as requiring better communication between
researchers, redirection of parallel efforts, or cancellation of redundant efforts: coherent optics and
thermal techniques. In examining the allocation of resources to specific program elements program
management has three goals:

restructuring the program to remove redundancy
fairly allocating resources to application areas

fairly allocating resources to technology areas
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Explanation of Inspection Review
Feedback Synthesis

The following three tables contain a numerical synthesis of the feedback scores. The first table contain
data on the reviewers' assessment of the priority of the initiatives/tasks, the second table contains data
on the reviewers' assessment of the approach/execution of the initiatives/tasks, and the third table
contains data on the reviewers' assessment of the technology transfer potential of the initiatives/tasks.
Each table contains the number of responses (resp), average response (avg), and standard deviation
(sdv) for each of the initiatives/tasks scored in that area.  All data is sorted by average score in

descending order.

The numerical equivalent of the ratings given by each participant are as follows:

The priority score is an assessment of the initiative's importance.

0 =
1 =
2 =
3 =

no requirement
low priority
medium priority
high priority

The approach/execution score is an assessment of the initiatives approach and success to date. The
grade should be considered reflective of both task management and technical merit.

4 =

_ N W
onon

excellent, no redirection required

good, but consider some redirection

fair, but significant redirection is necessary

borderline acceptable, major restructuring or cancellation
no merit, cancellation imperative

The technology transfer score is an assessment of the importance of and potential for engaging in
near-term technology transfer.

2 =
1 =
0

Immediate tech transfer candidate
consider tech transfer in FY95 after some additional development
no tech transfer possible in near- to mid-term, long term only (if any).
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Review Responses by Activity Priority

Area RPL/Task resp avg sdv
Demonstration and Validation Tech Transfer Process and Its Implementation 18] 294 024
Training & Info Dissemination Aviation Inspection Training Course Dev 12 2921 0.29
Overall Program Element Validation and Tech Transfer 18 2.89| 047
Technology Transfer Candidate Self-Compensating UT for DC9 Wingbox 21 2.86] 0.36
Overall Program Element Inspection Reliability andVisual Inspection 12 2.83 0.40
Visual Insp and Insp Reliability Visual Inspection Program 24 281 0.48
Overall Program Element Techniques for Flaw Detection 7 2.79f 0.39
Technology Transfer Candidate Self Compensating UT for DC10 Spar Cap 21 2.71 0.56
Technologies for Flaw Detection | Eddy Current Methods for Corrosion 7 2.71 0.49
Training & Info Dissemination Innovative Proc for Tech Trsfr 21 2.71 0.72
Training & Info Dissemination X-ray Training Software 12 2,71 0.45
Technologies for Flaw Detection | Self Compensating Ultrasonics Probe 27 2707 047
Training & Info Dissemination Task Analysis/Visual Task Descrptrs 17 2.65| 049
Overall Program Element Training & Information Dissemination 8 2.63 0.52
Demonstration and Validation Cost Benefit Analysis Protocol w/MOI Example 26; 2621 0.70
Visual Insp and Insp Reliability Enhanced Visual Insp Tools for Airframes 131 2.62] 0.65
Visual Insp and Insp Reliability Eddy Current Inspection Reliability Experiment 24 2.60] 0.77
Technologies for Flaw Detection | Ultrasonic Characterization of Adhesive Bonds 241 254} 0.57
Technology Transfer Candidate UT w/Dripless Bubbler and Low Freq Probe 25 2.52| 0.57
Demonstration and Validation Assessment of EC Inspection Equipment 24} 250 0.51
Technologies for Flaw Detection | Thermal Wave Imaging 27 2447 0.63
Demonstration and Validation Assessment of Scanners for C-Scan Imaging 25( 234 0.62
Demonstration and Validation MOI Validation at AANC 27( 2.31f 0.87
Overall Program Element Automation and Robotics 7 2291 049
Technology Transfer Candidate Thermal Wave Imaging 23| 2.28] 0.69
Technology Transfer Candidate Probe Calibration and Standards 24| 2251 0.79
Automation and Robotics Radiography for Corrosion Detection 8 2.13] 0.64
Technologies for Flaw Detection | Shearographic Inspection Modeling 23; 2.09] 0.67
Automation and Robotics Robotic Devices for Fastened Skins 251 2.08{ 0.86
Visual Insp and Insp Reliability Computer Codes for Inspection 221 207, 0.79
Technology Transfer Candidate Shearographic Inspection for Disbonds 18] 2.06] 0.64
Automation and Robotics Neural Nets for Wheel Inspection 23 1.96 1.07
Technologies for Flaw Detection | Coherent Widefield Optical Imaging 22 1.95 0.58
Technologies for Flaw Detection | Ultrasonic Lamb Wave Disbond Detection 20 1.95 0.69
Visual Insp and Insp Reliability Enhanced Visual Insp for Corrosion using D-sight 24 1.94] 0.89
Technologies for Flaw Detection { Dual Band Infrared Imaging 23 1.93; 0.73
Automation and Robotics Image Processing for X-ray 24 1.92]  0.93
Technology Transfer Candidate Low cost Photodensitomerter for X Ray Imaging 16 1.88] 0.62
Technologies for Flaw Detection | Local Laser Based Ultrasonics 25 1.821 0.83
Technology Transfer Candidate X-ray Backscatter for Corrosion Detection 25 1.54] 0.68
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Review Responses by Approach/Execution Score

Area RPl/Task resp avg sdv
Training & Info Dissemination Aviation Inspection Training Course Dev i1 3.82 0.60
»Train'mg & Info Dissemination X-ray Training Software 13 inm 0.44
Training & Info Dissemination | Innovative Proc for Tech Trsfr 6] 3712 o0s2
Technologies for Flaw Detection | Eddy Current Methods for Corrosion 6 3}>6 0.82
Visual Insp and Insp Reliability Eddy Current Inspection Reliability Experiment 27 3.521 0.8
Technologies for Flaw Detection | Self Compensating Ultrasonics Probe 27 348 0.64
Technologies for Flaw Detection | Ultrasonic Characterization of Adhesive Bonds 24 344 0.71
Visual Insp and Insp Reliability Enhanced Visual Insp Tools for Airframes 10 3.30 1.06
Overall Program Element Validation and Tech Transfer 17 3241 0.9
Demonstration and—Validation MOI Validation at AANC 27 3.220 0.68
Overall Program Element Techniques for Flaw Detection 7 3.21 0.70
Training & Info Dissemination Task Analysis/Visual Task Descrptrs 14 3.21 0.89
Overall Program Element Training & Information Dissemination 5 320 .84
Demonstration and Validation Assessment of Scanners for C-Scan Imaging 22 3.18; 096
Technologies for Flaw Detection | Ultrasonic Lamu Wave Disbond Detection 18 3.14 1.03
Technologies for Flaw Detection | Thermal Wave Imaging 25 3.10 1.04
Demonstration and Validation Assessment of EC Inspection Equipment 231 3.08] 0.65
Automation and Robotics Raobotic Devices for Fastened Skins 231 307y 077
Technologies for Flaw Detection | Coherent Widefield Optical Imaging 22} 3.02 1.22]
Demonstration and Validation Cost Benefit Analysis Protocol w/MOI Example 271 3.000 097
Visual Insp and Insp Reliability Computer Codes for Inspection 22 3.00) 0.87
Technologies for Flaw Detection | Dual Band Infrared Imaging 21 295} 0.85
Technologies for Flaw Detection | Shearographic Inspection Modeling 22 2.93 1.12
Automation and Robotics Radiography for Corrosion Detection 5 290! 0.89
Technologies for Flaw Detection | Local Laser Based Ultrasonics 25 2.88) 0.96
Automation and Robotics Image Processing for X-ray 237 287 093
Overall Program Element Automation and Robotics 7 2.86] 0.69
Demonstration and Validation Tech Transfer Process and Its Implementation 13} 2.85 1.14
Automation and Raobotics Neural Nets for Wheel Inspection 231 274 1.33
Visual Insp and Insp Reliability Enhanced Visual Insp for Corrosion using D-sight 21 2.52 1.09
Overall Program Element Inspection Reliability andVisual Inspection 12 2421 093
Visual Insp and Insp Reliability Visual Inspection Program 21 229} 0.73
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Review Responses by Technology Transfer Potential

Area RPUTask resp avg sdv
Technology Transfer Candidate Self-Compensating UT for DC9 Wingbox 19 1.76| 0.54
Technology Transfer Candidate Self Compensating UT for DC10 Spar Cap 19 1.7 0.56
Technologies for Flaw Detection | Self Compensating Ultrasonics Probe 25 1.56| 0.57
Technology Transfer Candidate Probe Calibration and Standards 20 1.53 1.04
Technology Transfer Candidate UT w/Dripless Bubbler and Low Freq Probe 22 1.45 0.58
Technologies for Flaw Detection | Ultrasonic Characterization of Adhesive Bonds 23 1.26 0.69
Technology Transfer Candidate Shearographic Inspection for Disbonds 15 1.20 1.32
Automation and Robotics Image Processing for X-ray 19 1.18| 0.77
Technologies for Flaw Detection | Eddy Current Methods for Corrosion 7 1.14 0.75
Automation and Robotics Neural Nets for Wheel Inspection 21 1.10} 0.83
Technologies for Flaw Detection | Thermal Wave Imaging 221 091 0.80
Technology Transfer Candidate Thermal Wave Imaging 19 0.89 0.81
_Technologies for Flaw Detection | Ultrasonic Lamb Wave Disbond Detection 17 0.85 0.84
Technologies for Flaw Detection | Dual Band Infrared Imaging 21 0.81 0.81
Automation and Robotics Radiography for Corrosion Detection 5 0.80; 0.83
Technology Transter Candidate Low cost Photodensitomerter for X Ray Imaging 13 0.73 0.78
Technologies for Flaw Detection | Coherent Widefield Optical Imaging 201 0.60f 0.77
Technologies for Flaw Detection | Shearographic Inspection Modeling 20| 0.53 0.75
Technology Transfer Candidate X-ray Backscatter for Corrosion Detection 21 043 0.75
Technologies for Flaw Detection | Local Laser Based Ultrasonics 24 0.42 0.64
Automation and Robotics Robotic Devices for Fastened Skins 21 0.291 0.56

23




Presentation Materials

Inspection Program Area Review
April 5-7, 1994, Ames, Iowa ‘

presentation organization/presenter page
Inspection Program Arca Review FAA/Chris Scher 25
CASR Program Overview CASR/Dale Chimenti 33
AANC Program Overnvicw AANC/Pat Walter 109
MOI Validation AANC/Flovd Spencer 151
Application of Benefit-Cost Model and Techniques to NDI Methods NWU/Venessa Brechling 167
Assessment of Eddy Current Inspection Equipment AANC/Floyd Spencer 185
Evaluation of Scanners for C-Scan Imaging in NDI of Aircraft AANC/William Shurtleff 197
Tech Transfer Process and Its Implementation on DCY Wing Box AANC/Mike Ashbaugh 205
Ultrasonic Inspection of DC9 Wingbox CASR/Igor Komsky 215
FAA-CASR Technology Transfer Plan CASR/Chimenti, Thomas, Achenbach 235
Future Technology Transfer/Asscssment at AANC AANC/Pat Walter 311
Eddy Current Inspection Program AANC/Floyd Spencer 325
Visual Inspection Program AANC/Floyd Spencer 361
D Sight for Corrosion Detcction in Aircraft Structure NRC-Canada-Jerzy Komorowski 375
Laser Based Ultrasonics CASR/Jan Achenbach 427 .
Self-Compensating Ultrasonic Device CASR/Igor Komsky 443
Thermal Wave Imaging of Adhesive Bonds CASR/Robert Thomas 161
Dual Band Infrarcd Imaging for Inspection of Aging Aircraft LLNL/Nancy Del Grande 481
Ultrasonic Characterization of Adhesive Bonds CASR/David Hsu 505
Shearography for Aging Aircraft FAA/David Galella 527
Optical Interferometry CASR/Sridhar Krishnaswamy 533
Coherent Optics Based Inspection Requirements Analysis (COBRA) NMU/Joseph Genin 553
Ultrasonic Guided Waves for Aging Aircraft Penn State/Joseph Rose 575
Eddy Current Mcthods for Corrosion Detection CASR/John Moulder 593
Radiographic Mcthods for Corrosion Detection CASR/Jan Achenbach 617
Automated Nondcstructive Inspector CMRI/Chris Alberts 635
Neural Nets for Signal Processing CASR/Lalita Udpa 663
Image Processing for Radiographic Inspection CASR/Dick Waltinviord 698
The Process of Innovation NWU/Aaron ¢ ‘u‘lln:-- _ 711

Updating the Certification of Aviation Maintenance Technicians

NWU/Gil Kurlee

Development of Education and Training Programs for ASls

CASR/Lisa Brasche




INSPECTION PROGRAM AREA
REVIEW

APRIL 5 -7, 1994

@ CENTERFORAVIATION SYSTEMS
RELIABILITY

AMES, IOWA

CHRIS SEHER

25




PIoY-UI [euL] o

e K '_lll.llﬁ L ————
_ reudis pariy ||
‘nexd ‘g0
dONVI'TdNOD ANV d¥L Surpnpoug ||
SANVANVLS VVd asnoy-ug ‘wniIosuo)
OL SET1EVHEAITAd qe11aN | | wnmweny ouseg ||
JL-VVi asvo |
suonadsut J0SS3D0Ud
potepueu : _
103 9ouendwoo Jo e[ [euoneu
SUBOW NBWIN[Y o | u_o_u_“&oo& . JOLVENONI
suonesyroads Annqedes sxmonns sowp _.__M_E
0URULIOJIO o JyeIome/reSuey to.aoa dm
XYLSNANI Jued O oneoe s+ |a/Pred\eg|Po1194V J0 [E0D) «
OL s1avadAITad | /Lsosupy s1010e weumpg o] ZA10SIAPY SIk 8-
suonedyroads Suusouidug vvd g azy
9OUBULIOJIS o paosddy [TOFOUOTRST
sadA10101d vvd ONVV ASVD
reaoaddy
uononpoidar] «
SUONEPI[EA a y
SSFE

onEpIEA
pIoy-uy

onepieA
IJsuel]

azyd

epeue)
dvSsn
VSVYN
‘83N suiBuyg
. seunny
V1V
se[@noQq
8uroog

onuom

oued
K10SIADY

vvd
MIIADY

27




Apriﬂ 1993 » March 1994
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GENERAL CONCERNS OF REVIEW PARTICIPANTS

Information exchange in the interim
between meetings and in preparation of
meetings should be improved.

A quarterly news letter is now being
published. Response to this newsletter
has been very positive. The information
packet sent out in preparation of the
meeting should have provided sufficient
preparation materiai for this meeting.

To justify their attendance at these
reviews, participants must be given more
than vague assurances of the FAA's
intentions to improve the program.

This review will strive to provide both hard
technical results (in the form of technical
documentation) and timely oral and
written feedback.

The program should be presented with
‘road maps' to give an overall picture of
the program.

In this review, each RPI manager will
present similarly structured overview of
his program area. These presentations
will utilize gantt charts and summary
sheets to present the program area as a
cohesive, coordinated program with
prioritized tasks.

The agenda should cut down on the
amount of program management
presentation.

The agenda was developed with this
comment in mind. We welcome
comments on whether or not we
succeeded. General program information
is available with the rest of the
documentation being offered.

Some of the technologies presented (in
particular thermal techniques) showed
results without sufficient time devoted to
the explanation and interpretation of those
results.

Some presentations dealing with
interpretative results (C-scan images) are
being given additional time for explanation
and discussion.
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REVIEW PROGRAM GOALS, APPROACH, AND
MANAGEMENT

Technology transition is the Aging Aircraft
Program's biggest problem.

Technology Transfer has been identified
at the highest priority. Program efforts
and accomplishments in this regard will
be a constantly underlying theme of this
review.

RPI's must be acknowledged as the
defining document of the program.

The program is now under strict control of
the RPIs and presentations representing
the program reflect the RP| structure.

FAA must become aware of other
government and privately sponsored
programs. Research must not be
duplicated. Thermal imaging is done by
both FAA and NASA

Efforts to coordinate the program with
NASA and Air Force Programs are well
underway. AANC is presently developing
a mutually beneficial relationship with the
US Coast Guard.

A Thermal Imaging Workshop was held at
Lawrence Livermore in which NASA and
FAA coordinated their activities.

Sandia should emphasize its role as a
validation and demonstration center.

AANC has completed at least 33
demonstration validation activities in the
last year. The continuous enhancement
of their sample library and the baselining
of the 737 should facilitate this activity
even more.

Commuter concerns are still not
adequately addressed. The FAA should
consider some activity addressing
penetrant and magnetic particle
inspections. Training is a primary
concern of operators of commuter aircraft.

Though the present RPIs do not reflect
commuter concerns, we are committed to
working with Bob Sexton (through Fred
Sobeck) to identify these concerns in the
next generation of RPIs. Commuter
training issues are presently being
pursued by CASR.




' REVIEW OF TASK AREA

Examine the bond inspection initiatives to | Disbond detection technologies have
ensure that its results are not just specific | been separated into those technologies
to Boeing aircraft. which address corrosion and disbonds
and those which address only disbond. It
is anticipated that this separation will aid
in the identification of specific aircraft

applications.
The visual program needs redirection. Work on the database analysis of SDR
Work on visual enhancement should reports has been idled. Work on
focus on structured light concepts. development and tech transfer of visual
Worthwhile information from aids (specifically structured light) has
SDR/Boeing/Japanese databases is been increased. A visual program plan is
limited. now in place.

Inspection reliability efforts should focus We believe the correct balance of POD,

on false calls. false call, and other reliability measures
. are present in the Eddy Current
Inspection Reliability Reports. We
welcome comments on these documents
and our approach.

The eddy current inspection reliability The protocol documents have been widely
experiment should serve as a model for distributed to achieve exactly this end.
further equipment/technique reliability

. Visual Inspection Reliability experiment
evaluations.

planning is - to a large extent - based on
the ECIRE protocols. Other AANC
experimental work is taking advantage of
both procedures and samples prepared
for this experiment.

The results of the ECIRE suggest that on-
site inspection experiments can in many
cases be replaced with well planned
experiments at AANC.

Technologies producing C-Scan images While technical issues remain, political
should devote some effort the to creation | issues associated with the retention of
of permanent records. such records must resolved first.
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REVIEW OF TASK APPROACH AND MERIT

The energy sensitive x-ray work needs to
be re-evaluated for its contribution to the
program. Redirection to address specific
commuter problems may be appropriate.

The energy sensitive sensors projects has
been combined with the x-ray backscatter
work to produce (in the near term) a
prototype one-sided, low radiation hazard
device for verification of hidden corrosion
(not just air gaps).

Though we feel we have a prototype
device that is appealing to industry, we
have not identified a specific commuter
application.

ISU's neural nets work needs redire:ction.
The wheel inspection application is not
considered by industry to be critical and
may not have been the best choice for a
test bed.

After evaluating the program we
proceeded in a slightly modified direction.
While the change may not have been as
drastic as some critics would have liked,
we feel the present results and industry
support are sufficient to continue in the
direction we are moving.

While technically appealing, the seif
compensating ultrasonic device has not
progressed substantially in two years, nor
has it identified a specific application.
This is one of few technologies being
developed with increased crack resolution
capability and should be validated for
MSD size cracks -- perhaps on ECIR
experiment panels.

This project is now our premier tech
transfer activity. Specific applications
and beneficiaries have been identified.

While the coherent optics work is
technically credible, the 'fine tuning' of the
technology seems to be arbitrary in
nature. Efforts should be redirected to
address technology transfer and
commercialization. Industry sponsors
must be identified.

Industry is beginning to show some
interest in shearography and coherent
optical technologies. LTI has licensed
technology from Northwestern. We will
continue to work in areas in which the
industry shows the most interest.

Produce 'consumer report' on modular
automatic scanning systems.

Copies of a draft version of this report are
available here today for distribution.
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TECHNIQUES FOR FLAW DETECTION
RPI 199

Tech Area: Adhesively Bonded and
Composite Structure

Thermal Waves Imaging
of Adhesive Bonds

Dr. Robert L. Thomas
Wayne State University
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Depth (d)
Painted Surfacg \_ﬁ__&

Side Yiew

Region of poorer paint adhesion

| / Depth (d)

1: 1.10mm
: 1.86 mm
. 2.60 mm

2
3
4: 340 mm
5
6

410 mm
> 4.90 mm

Background
(Thick region)

[ ] Regions for
Contrast
Curves

Contrast Curves: Background(T vs.t) subtracted
from the (T vs. t) fortheregions1-6
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|Poorer paint
adhesion

Poor paint
adhesion
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Poorer paint
adhesion

'Poor paint
adhesion
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TECHNIQUES FOR FLAW DETECTION
RPI 199

Tech Area: Adhesively Bonded and
Composite Structure

Ultrasonic Characterization of
Adhesive Bonds

Dr. David Hsu
lowa State University
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® Schematic of Dripless Bubbler

Focused transducer
Transducer housing

== Vacuum shroud

o v o\

= Vacuum hose

Membrane

/— Water pool

Foam water retaining ring
Water inlet tubing
‘ (Coaxial with vacuum hose)
711193 N =0 Riveted lap splice
et i ey

The dripless bubbler is a closed-cycle, water-
coupled ultrasonic inspection method using fo-
cused transducers. It 1s more robust against inter-
ference fringes caused by thickness variation of
bondline and paint. It is capable of scanning areas
containing surface protrusions, such as button-

‘ head rivets.
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Dripless Bubbler Scanning Orientations
(Vacuum attachment not shown)

Lap splice

Inlet for coupling water

Focused |
transducer
Stationary f
water
»
UP Vertical Scanning

Upside-Down
Horizontal Scanning
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‘ ~Scanning a vertical Boeing lap splice with
""Dripless Bubbler" developed under FAA-CASR

The device allows focused beam ultrasonic
- C-scans based on amplitude and time of flight
for corrosion and disbond detection.

It features a closed-cycle water pump and

vacuum and can be operated on vertical or
o overhead surfaces. Scans can be made over

surface protrusions, §3uch as buttonhead rivets.




Field Trial on Boeing 747 at Northwest Airlines

Motorized Scanner with Dripless Bubbler
Notice top row of 1/2" dia. buttonhead rivets ®

s e

Image acquired with 1 MHz, 1" focus probe
Scan area = 12.5" x 4", step size 0.025"
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Ultrasonic Time-of-Flight Scan of
Corrosion in Boeing Sample VI

Pulse-echo using 15 MHz, 0.5" diam., 3" focus probe
Scan area = 5" x 8", step size = 0.025"
Circles of equal size are rivets, light gray regions are corrosion

File Name BC-VI-2.CS8
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NDI RELIABILITY
RPI 205

Tech Area: NDE Equipment Research

Self-Compensating Ultrasonic
instrument

Dr. J. D. Achenbach
Northwestern University
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TECHNIQUES FOR FLAW DETECTION
RPI 199

Tech Area: Adhesively Bonded and
Composite Structure

Optical Interferometry

Dr. Sridhar Krishnaswamy
Northwestern University
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FAA - CENTER FOR AVIATION SYSTEMS RELIABILITY

STUDY OF FRINGE VISIBILITY WITH TRANSLATION-INDUCED

DECORRELATION

IdSd "TVNOILLNIANOD
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NDI RELIABILITY
RPI 205

Tech Area: NDE Equipment Research

Eddy Current Probe Calibration and
Standardization

John Moulder
lowa State University
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Eddy Current Probe Calibrator

wit and
A(\/anngggggholdef
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Custom focusing system
add

Laser diode (SDL2432)
4+~ and heat sink ‘

T % XY posittoning stage
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NDI RELIABILITY
RPI 205

Tech Area: NDI for Corrosion Detection

Pulsed Eddy Current for Detection
of Second Layer Corrosion

John Moulder
lowa State University
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Block Diagram of 16-Bit High Speed

Pulsed Eddy Current Apparatus

e

AT

A/D Synchronization Signal

High Current
Amplifier
(H-Bridge)
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60 KHz
Bessel LPF

Dual Coil Eddy Current Probe
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Pulsed Eddy Current
Theory and Experiment

Simulated Corrosion in Second Layer

0.15
0.10
® -
S 005
D
D
0.00
-0.05

' l

20 mil

16 mil

Two-Port Probe

Experiment

0.0E+0
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Plate Separation Compared to
Simulated Corrosion (4 mils)

6.0E-3 —
) Bottom of Bottom Plate
4.0E-3 — Separation Between Plates
> - Top of Bottom Plate
] _
>
Q
-l 2.0E-3 —
©
: —
2
) _
0.0E+0
T
-2.0E-3 T T T T T ] T
0.0E+0 2.0E-4 4.0E-4
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AR, Q

Zetec Eddy Current Instrument

vs. HP Impedance Analyzer

0.20 — ) )
8 mils corrosion
top of second layer
—_ -1
0.00 - —— NN
R
-0.20
B Zetec Measurements
B —E&— HP Impedance Analyzer
Theory
-0.40 T T T T TN T T T
100 1000 10000 100000

Frequency, Hz
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INSPECTION RELIABILITY
RPI 205

Tech Area: Inspection Simulator

X-ray Module

Dr. Joseph Gray
lowa State University
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NDI AUTOMATION AND ROBOTICS
RPI 200

Tech Area: Evaluation of Advanced
NDE Concepts

Image Processing for
Radiographic Inspection

Dr. Richard Wallingford
lowa State University
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NDI RELIABILITY
RP1 205

Tech Area: NDI For Corrosion Detection

Radiographic Methods for
Corrosion Detection

Dr. Jan Achenbach
Northwesten University
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FEATURES OF COMPTON X-RAY BACKSCATTER

DEPTH PROFILOMETRY

Gives a cross-sectional view of aircraft sheet
metal joints.

Allows measurement and identification of sub-

~ surface layers.

1/1000 inch measurement accuracy.
Generates very little ambient x-radiation.

No evacuations--Does not interfere with most
hangar activity.

Self-propelled. Scaffolding and stands are not
needed.

Data are digital files -- easily stored and
transmitted via Internet.
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Depth Profiling Apparatus P

scattoring 20ne
aperture 2 [ apertg_qg 3

L/

-

detector

i
aperture 1 :

anode spot

x-ray tube

The depth profiling camera consists of four sets of apertures. The first

two sets form the beam into a pencil with a narrow rectangular
cross-section. The second two sets select a limited thickness region

from which backscattered photons reach the detector. The intersection

of the incident and backscattered beam paths form a scattering zone or
focal region. Sweeping this region through the material to be examined
allows visualization of the electron density of the material along the path.
In depth profiling, the path is normal to the surface and the result is similar
to drilling and examining a core section taken at that point.

The scattering zone is nearly Gaussian in the depth
direction with a "standard deviation" size parameter of
0.0013 inches.

Limiting (10% MTF) resolution is 10 Ip/mm.
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MAUS III sweeps out a band at a time, can follow gradual contour,
scans long sections of lap splice continuously, and has multi-mode
capability.

Image of corrosion in Boeing #6 sample as obtained by dripless
bubbler and MAUS III with 15 MHz, 2" focus transducer. Scan

area = 6.5" x 2" ‘

DB+ MAUS lil.pg
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Evaluation of Scanners for C-Scan Imaging in
Nondestructive Inspection of Aircraft

Wiliam Shurtieff
Principal Investigator. John Gieske
AANC

b
]

Imaging systems have advantages over single point
inspection systems in the arcas of signal interpretation
and documentation of results

The U. S. aircraft industry has expressed considerable
interest in using scanning systems for field inspection
There have been claims by scanner manufacturers about
casc-of-use and reliability of their scanners for ficld
inspection of aircraft




W

Goal: Demonstrate and Evaluate suitable
commercial computerized systems for eddy
current and ultrasonic inspections with
manual, semi-automated, and automated
scanners for aircraft NDI applications

Demonstrate ¢ performance capabilties, limitations, costs,
speed, skill, training et¢ '

Evaluate { rate performance using a set of performance
criteria

Report ¢ gdemonstration data, evalu@ions, and recommendations
for improvement

LR LN RTN

RFERFY




Sandia National Laboratories

Scanner Systems

\ d’-!\ 1\0-—.'
wvd Sensor

Aging Aircratt Project

@s:ndh National Laboratories Data: V144
List of Participating Vendors \

t . T I L T T e e T T
Krautkramer Branson Yes Yes Manual, radisl axis
Yes
ABB Amdata Yes
Matec/Sonix Yes
SAIC Ultrali Yes
Infometrics Ysr
Smart-Edd stems
McDormnell Douglas You
Panametrics Yes
Slesra Matsix Yoo Semi-automated, t 1-bar,
Failure Analysis Associstes Yes Automated, electronic array

-

Dev. Testi
Aging Alrcraft Project elopment ng
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A. D. Little aluminum lap splice joint with intergranular
corrosion

Large aluminum panel with visible pitting and
intergranular and exfoliation corrosion

«  Calibration standards for circamferenttal tear strap |
disbond test Lo

*  Boron/epoxy compasiic repalr sanipk with implanted . -
disbonds and delsminations on an pluminum skin - -

*  “Various locations en the B737 aﬁcr‘aft

Uy
| aemyt

200
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e Calibration and initial setup using flat samples
on table

* Eddy current scan on the A. D. Little
samples

* Eddy current scan on large panel

* Ultrasonic pulse echo and resonance on the
calibration standards and the boron/epoxy
repair

 Scans on various parts of aircraft

@Sandia National Laboratories janiie
Evaluation Criteria \

» 27 Evaluation Criteria

Design Performance
Basic design and scan motion Speed of coverage
Mount type Accuracy
Probe holder and girnbals design Problems
Couplant feed
Scanner working distance Usability
X-Y axis resolution Easy of scan
Vertical clearance needed
Scanner weight Software
Ruggedness Ease of use
Deployment ease Ease of parameter setup
Computer hardware Data acquisition characteristics
Motor controller Image display
Image and data processing
Articulation Hard copy
Complex shapes Operator training
Surtace conditions NDI modes supported

Development Testing
Aging Aircraft Project
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Txplanation

Not applicable tor arrcratt apphcations

Linuted tor arreratt apphications

Adequate but could be improved for aircralt spplications
Good. generath applicable [or aircrall applications
1deal. meets all requirements lor aircrall applications

Rating

AMount Implementation. relocation ease. stability

Type

Deplovment

Fase

Not stable. lails ollen during scan

Fails occasionally during

“an

Adequale but could be improved for aircrafl apphuations
Good generally apphicable for awerall appheations
Ideal. meats all requirainents for aircraft applications

m Sandia Nationai Laboratories

Tune from off the shelf to stant of scan or relocation
Greater than 1 hour
Between 30 to 60 minutes
Benween 15 to 30 minutes. 5 minutes relocation
Between 10 1o 15 minutes. 2 nunutes relocation
Under 10 minues. 1 nunute relocation

Evaluation Matrix Example

" withent manual

Compmy [T [rapemy ABB Amtats MATFC
-d Brumyem CabDeta SONIX
Scamncr | Heridng Zae
Femwa
AN PORTASCAN AMAPS HMANDL SCAN
N
Ban¢ Deugn TUung Radal Arm Tilaag Arm Bndre Capbieves Arm mth Tuting Arm Bndge
wd b arcuier moaam h XY hiness mob oo XY lmesr moban b XY lmew moa
Som Moaan Mamat #F.edom Autammed Automwed Mumd ARmams
Meant Type rsj Thret suction cups 3] e micpendens i) Nemeom matm J) 5ea0c rabber saction
p

B series with ane
Smd vornmm panyp

Toctes cups whb (W er
amuel vecuam powg s

veramm pampt

Probe Hader wd JJ Excellamt a tood 4] vod ) Adequate
(wabels Demm

Couphant Ferd Ta) Weter drip feed o Ta) Weter rtp feed o 13) water ¢rtp e e i) Memd grey =
UFan. NAfe ET ted prabe habder ed probe hetder preve peder o e deth

Scanaer Warking

4] Mimmum 10 1aches

a Mirsmmm 10 inches

) Mimmam indien

) Mimmum 6 wcher

Distomce Heght
X Y Asls Resalntion ) 0.812Incn S} .01 mah "4} 0.01 mch 4] 0.8 lach
Development Testing

Aging Aircraft Project
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e

rh

is ot 5
v With proper calibration, quantitative measurements can
be made of hidden corrosion and disbonds using scanners

- A"’Shrfm scrtuchmg with the aut«nated scanners was a

prublun
v Edds current measuremeuu wereeasier to obtam than
unrasomc mcmrcmcnt: g

v Use manual scanpers mostly for sman areas

- vPassive rubber &p suction feet are unreliable

v The dual axis tilting arm and bridge provided the bhest
overall results of the automated scanners

v The radial axis tilting arm with rotation axis provided the
best overall results of the manual scanners

Dawe 494
m Sandia National Laboratories

ot wet
S
D \ : N
Siger L. ENSOr
) TANETd OO :
- [ dye

\‘ s
sw o b Tee!
[Ty §
oe

dual avis tilting arm and bridge radial avis tilting arm with rotation axis

Devetopment Testing

Aging Arcratt Project

o




* Use table information to compare scanners
for a particular application :

* See examples of flaws detected by C-scan NDI
techniques

« Read about lessons learned during the
demonstrations

9Add information as more scanners come into the
~validation center for demonstration

* Provide consultation on applications

o?
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() TECHNOLOGY TRANSFER

ULTRASONIC INSPECTION OF
DC-9 WINGBOX

OBJECTIVES

Detection and characterization of
material corrosion loss and stress
corrosion cracks in multi-layered
airplane structures.

APPROACH:

Detection of corrosion in DC-9

‘ Tee Cap with ultrasonic inspection
being accomplished from outside
wing skin surface.

Quantitative characterization of
material corrosion loss.

Detection of corrosion cracks and
stress corrosion cracks in DC-9 Tee
Cap.

Development of the transducer
fixture and the scanner for contact
ultrasonic inspection.

Development of a computerized
‘ system for data acquisition and

imaging.
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® Ultrasonic inspection of DC-9 Wingbox

Ultrasonic Ultrasonic
transducer # 1 transducer # 2

corrosion

barrel nut hole
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Experimental configuration for ultrasonic
inspection of DC-9 Wingbox

Personal computer

Ultrasonic flaw detector
EPOCHII

Scanner

trasonic
nsducers

NN
\

upper layer
(aircraft skin)

lower layer
/ (tee cap)

ealant corrosion
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Dripless Bubbler Combined with MAUS III

MAUS III sweeps out a band at a time, can follow gradual contour,
scans long sections of lap splice continuously, and has multi-mode
capability.

Image of corrosion in Boeing #6 sample as obtained by dripless
bubbler and MAUS III with 15 MHz, 2" focus transducer. Scan
area = 6.5" x 2"

DB+ MAUS lll.pg
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'TECHNIQUES FOR FLAW DETECTION
- RPI199

- .'reC_:_h Area Adheslvely Bonded and

Composlte Structure

~.Thermal Waves Imaging
of Adhesive Bonds

‘Dr. Robert L. Thomas
Wayne State University
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_ Depth (d)
Pain ted Surface \1 J

Side Yiew

L=19.8mm

Region of poorer paint adhesion

/ Depth {d)

1: 1.10mm
2: 1.86 mm
3. 2.60 mm
4: 340 mm
5 410 mm
6: 4.90 mm

[] Background
{Thick region)

[ ] Regions for
Contrast
Curves

Contrast Curves: Background(T vs.1) subtracted
from the (T vs. 1) fortheregions1-6
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before the flash

ST s

Note the cool (blue)
background
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after the flash |

All pixels of the FPA R
‘are still saturated
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|Poorer paint
| adhesion

Poor paint
adhesion
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Fﬁ’bo“r' paint
vadhesion
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Poorer paint
adhesion
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 -TECHNIQUES FOR FLAW DETECTION
. . RPI 199

 “Tech Area: Adhesively Bonded and
| Composite Structure

: -,Uil;ff,’,.a__,anic;Characterlzation of
~ ‘Adhesive Bonds

Df. David Hsu
lowa State University
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-

Schematic of Dripless Bubbler P9

Focused transducer
Transducer housing
Vacuum shroud
Vacuum hose

Membrane

/ Water pool

Foam water retaining ring

Water inlet tubing
(Coaxial with vacuum hose) ‘

77193 , 7 Riveted lap splice

N |

The dripless bubbler is a closed-cycle, water-
coupled ultrasonic inspection method using fo-
cused transducers. It is more robust against inter-
ference fringes caused by thickness variation of
bondline and paint. It is capable of scanning areas
containing surface protrusions, such as button-
head rivets.

|
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Dripless Bubbler Scanning Orientations
(Vacuum attachment not shown)

| Lap splice

Inlet for coupling water

Focused |
transducer
Stationary
water
Vertical Scannin
UP &

| T
] Dle2ele%02e

el
XK |38

Upside-Down
Horizontal Scanning
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| ‘Scanning a vertical Boeing lap splice with
- "Dripless Bubbler" developed under FAA-CASR

The device allows focused beam ultrasonic

- C-scans based on amplitude and time of flight

for corrosion and disbond detection.

It features a closed-cycle water pump and

~ vacuum and can be operated on vertical or

- overhead surfaces. Scans can be made over
surface protrusions, sgch as buttonhead rivets.

.
i

o

1




‘ Field Trial on Boeing 747 at Northwest Airlines

Motorized Scanner with Dripless Bubbler
Notice top row of 1/2" dia. buttonhead rivets

Image acquircd with 1 MHz, 1" focus probe
Scan area = 12.5" x 4", step size 0.025"




Ultrasonic Time-of-Flight Scan of .
Corrosion in Boeing Sample VI

Pulse-echo using 15 MHz, 0.5" diam., 3" focus probe
Scan area = 5" x 8", step size = 0.025"
Circles of equal size are rivets, light gray regions are corrosion

File Name BC-VI-2.CS8
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“NDI' RELIABILITY
~ RPI 205

_f@@%ﬁi){ﬁlféﬁf NDE Equipment Research

. ,Safl?f-fComp'e}nsating Ultrasonic
- Instrument

- Dr. J. D. Achenbach
- Northwestern University
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‘i"r:c‘H*Nmues FOR FLAW DETECTION
' "RPI 199 |

Tech Area Adheslvely Bonded and
» - Composite Structure

* Optical Interferometry

Dr. Sridhar Krishnaswamy
- Northwestern University
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NDI RELIABILITY
RPI 205

Tefch Area: NDE Equipment Research

Eddy Current Probe Calibration and
Standardlzatlon

John Moulder
lowa State University
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Eddy Current Probe Calibrator

Laser dlode (SDL2432)
4" ond heat sink

T “———— XY positioning stage
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NDI RELIABILITY
" RPI 205

: T.echff)'\réa: NDI for Corrosion Detection

Pulsed jEddy Current for Detection

- of Second Layer Corrosion

John Moulder
lowa State University
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Block Diagram of 16-Bit High Speed
Pulsed Eddy Current Apparatus

A/D Synchronization Signal

High Current
Amplifier
(H-Bridge)

60 KHz
Bessel LPF

Dual Coil Eddy Current Probe

w

(ASR @
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Signal, V

0.15

0.10

0.05

0.00

-0.05

0.0E+0 2.0E-4 4.0E-4 6.0E-4

Pulsed Eddy Current
Theory and Experiment

Simulated Corrosion in Second Layer

I I I I

20 mil

16 mil Two-Port Probe

Experiment
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Plate Separation Compared to
Simulated Corrosion (4 mils)

6.0E-3 —
] — — — Bottom of Bottom Plate
40E-3 v | |  ____. Separation Between Plates
A
- - \ Top of Bottom Plate
(]
-l 2.0E-3
©
c
2
(/]
0.0E+0
BE
-2.0E-3 I T ' T ' [ !
0.0E+0 2.0E-4 4 0E-4
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AR, Q

Zetec Eddy Current Instrument
vs. HP Impedance Analyzer

0.20 — ) .
8 mils corrosion
top of second layer
_ 7“@
0.00 ————— %
IO j
N | (#
\\ )
| X iorls
Q&’\\ .L
\\\\_\ ’ZJ//.
o/
-0.20 — "
[
Il Zetec Measurements
| ——-  HP Impedance Analyzer
———  Theory
-0.40 T T T T
100 1000 10000 100000

Frequency, Hz
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" INSPECTION RELIABILITY
RPI 205

_Tech Area: Inspection Simulator

X-ray Module

Dr. Joseph Gray
lowa State University
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NDI | AUTOMATION AND ROBOTICS
. RPI 200

.Tc‘-é-"h' Area: Evaluation of Advanced
| ' NDE Concepts

Image Processing for
‘Radiographic Inspection

-Dr. Richard Wallingford
lowa State University
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ND! RELIABILITY
- RPI 206 |

Teeh Arsa: NDI For Cotrosion Detectioh

'--',R:adiographic Methods for
Corrosion Dé&tection

Dr. Jan Achenbach
Northwesten University
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FEATURES OF COMPTON X-RAY BACKSCATTER
DEPTH PROFILOMETRY

. Gives a cross-sectional view of aircraft sheet
metal joints.

« Allows measurement and identification of sub-
. surface layers.

« 1/1000 inch measurement accuracy.
o  Generates very little ambient x-radiation.

. No evacuations--Does not interfere with most
hangar activity.

o Self-propelled. Scaffolding and stands are not
needed.

« Data are digital files -- easily stored and
transmitted via Internet.
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Deptih Profiling Apparatus

scattering zone
aperture 2 ..

apertgr_o___s

detector

! shield
s X -
0

anode spot

aperture 1

x-ray tube

The deptr orofiling camera consists of four sets of apertures. The first

two sets furm the beam into a pencil with a narrow rectangular
cross-section. The second two sets select a limited thickness region

from which backscattered photons reach the detector. The intersection

of the incident and backscattered beam paths form a scattering zone or
focal region. Sweeping this region through the material to be examined
allows visualization of the electron density of the material along the path.
In depth profiling, the path is normal to the surface and the result is similar
to drilling and examining a core section taken at that point.

The scattering zone is nearly Gaussian in the depth
direction with a "standard deviation" size parameter of
0.0013 inches.

Limiting (10% MTF) resolution is 10 Ip/mm.
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epth Profiling vs. Goré Sectioning

0.200 .

s
9
ol
£ M
LY
)
vg )
i [0
~ ¢
- oo = e = _C
Q
Air Gap C
,.‘.--‘-. v
Doubler 0.100 £
-.M.O—‘-l [~ P
v
Corrosion {1oose)
o e s N - v = =] D
] 9] .
) c
0050 €
O
g 8]
n v
The scan on the left and the coré
section on the right were both taken
0000 from the same area on a corroded
' fuselage. Some displacements
o 6 o ©Q o © occurred as a result of drilling. Note
the exfoliative corrosion of the
8 § 8 % 8 % stringer (at the top of the picture).
\2] N N A A
Seattering Intensity
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D Sight for corrosion detection in aircraft structure‘?s}_

. OVERVIEW

o . borrbs:lon ﬁevlew andSurvey
. Specimen acqulsitloﬁﬂ :
- Aceelerated corrosion t@gtmg | ;
- Modeling of pillowing B
- Inspections of specimens

= DAIS Meodification

= Flele Trials

. Conelusions and Future W@{ﬂk

37




OLOVd1Iq ==

// QEQ.QE

af
0
o
h .
a8
/

—T,

®2Inos Jybn >«
suol >

Uesios N
OAlO3]Jal010Y

378




D Sight for corrosion detection in aircraft structures

__Corrosion survey results (1993)

| Dlxcontacts, at 22 North American A|rlmes
. were asked for a corrosion severity ratlng
~ onti locations for 29 types of a|rcraft -

, '0_‘:'-»_’Responses were recelved representlng
~ 16 Airlines, giving information on 16
~ types of aircraft.

Aircraft types for which greater than 3
responses were received:

DC-8, DC-9, DC-10 and MD-80
B727, B737, B747, B757 and B767
A300 and A320

N3C- CARC

i DIFFRACTO

2008 KEW DR, WINDSOR, ONTANO ."
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D Sight for corrosion detection in aircraft structure’

- ‘Corrosion survey results (1993) cont.

‘Ranking of Importance of sub-surface
corrosion locations:

1) Horizontal Fuselage Lap Joints

2) Skin/Stringer Fuselage Joints

| 3) Skin/Rib Fuselage Joints .
4) Circumferential Fuselage Lap Joints

5) Under Fastener Heads

6)WlngSkln/Spar Joints

.ﬁ, DIFFRA cro“"* k.

—
—lmmmm m-v







D Sight for corrosion detection in aircraft structure‘

. ‘“Specimen acquisition

| Aircraft:
- B727-200, B737-200
L1011 | ®

' DC-9-14, DC-10-30

' Total number of specimens: 138
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D Sight for corrosion detection in aircraft structures
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MODEL FOR PILLOWING
DEFORMATION

Volume Ratio of Corrosion
Products to Aluminum Lost = 6.5

Outer Skin Deflects under Uniform
Pressure Due to Accumulation of

Products.

Timoshenko's Closed Form
Solution for Plate Supported by
Equidistant Columns

Ratio of Central Deflection to
Thickness Lost = 4.

MC-CNC
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oy corrosion detection in aircraft structures

A i3 W D I o G H | J K
. LODY CURRENT TESTING
o STANDARD DEPTH OF PENETRATION
4
D Feequay  Conductivity W % LACLS, Low Frequency Spot Probes, Farriie Shielded
& a2 34 6 38 40 Probe Diameter (In.)
7
3 100 K .45 G448 0433 0422 0411 B76/1.0/1.125

9 SO0 He 0325 03985 0306 0208 0201 B75M.0/1.1258 0.887

10 300 Hz 0265 0257 025 0244 0237 8751.0/1.125 0.887
i 00 Hz 0.23 0223 0217 o021 0.208 .875/1.0/1.125 0.687

iz 500 He 0206 0190 0104 0180 0.184 B751.0/1.125 0687 0.562
13 509 Hz 0183 0182 0477  0.172 0168 .875/1.0/1.126 u.687 0.562
14 700 Hz 0174 0160 0.164 0159  C.153 .B75/1.0/1.125 0.687 0.562
i5 BOO tiz 0163 0153 0153 0149  0.145 .B75/1.0/1.125 0687 0562

io 00 Kz 0.153 0149 0144 0.144 0137 .875/1.0/1.125 0.687 0.562
17 1 KH2 0.145 0141 0137 0133 013 .8751.0/1.125 0687 0.562

19 2 Khz 0.103 0.1 0.007 0.094 0082 0687 0532
i9 dKHz 0084 0081 0079 0077 0.075 0.562
- 4 Kiiz 0073 007t 00689 0087 0.065 05
21 5 KHz 0.065 0063 0061 0.06 0.058 0.5
22 8 KHz 0050 0058 0.056 0.054 0053 05
23 7Kz ©noss 0053 0052 0.05 0.049 0.5
24 Ky 0oLl 0OH 0048 0.047  0.048 0.5
25 G Kbiz 0oL v0AT  0.046 0.044 0.043 0.5
26 10 KHz 0048 0045 0043 0042 0.0 05
2 20 KHz 0033 0032 0031 003 0.029 05  0.250.375
28 30 Khiz 0027 0026 0025 0024 0.024 0.25/0.375
29 40 Khe 0.023 0022 0022 0021 0021 0.25/0.375
3 50 KHz 0.021 002 0019 0019 0018 0.25/0.375
31 (c)McDonnoll Douglas Acrospace (©)Tyvin Inc.
a2
33 172/, Linngor 19, Skin Matorial 2024 T3, nominal 0.050 in.thick, Conductivity Range 33-35 % LA.C.S.
34
35 DO 9 . Longeron No.1, Skin Material 2014 T8, nominal 0.050 In. thick, Conductivity Range 38-40% 1.A.C.S.
36

37 DGO ,LUTT Joint, Skin Material 2024 T3, nominal 0.070 in. thick, Conductivity Range 33-35% 1.A.C.S.
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D Sight for corrosion detection in aircraft structures

D Sight image

o

© O O
O 0O
O 0O
O 0O

O O

D Sight corrosion map

O o0 O O

OUTER SURFACE AND FASTENER HEADS ABRADED
OUTER SKIN INNER SURFACE

INNER SKIN OUTER SURFACE

B corrosioN
NO CORROSION TEARDOWN INSPECTION OF SPECIMEN B72751L1

Specimen S1L1 D Sight and teardown maps of corrosion Bc.cmc




D Sight corrosion map ‘

L S— EXTERIOR SURFACE AND FASTENERS ABRADED ]
OUTER SKIN INNER SURFACE

INNER SKIN OUTER SURFACE

B corrosION

NO CORROSION TEARDOWN INSPECTION OF SPECIMEN B727 5116
Specimen 51L6 D Sight and teardown maps of corrosion Mc cd
404 —— DIFFRACTO
C R ooy
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D Sight for corrosion detection in aircraft structure‘

Field Trials
ARINC (USAF) - Tinker AFB

B727 and KC-135

EAA AANC - Albuquerque

B737

Alr Canada - Winnipeg

DC-9, A320, B727
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D Sight for corrosion detection in aircraft structures
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D Sight for corrosion detection in aircraft structures

o ,;Demonstrated D Sight for corroslon
inlap joints

a Laé’g@ specimen library created
Accelerated corrosion process dv@ﬂ@p@d
Breadboard DAIS tested in ihe field

Initial corrosion modeling performed
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D Sight for corrosion detection in aircraft structure’

Future Work

Prototype DAIS designed and built

Enhanced D Sight image analysls ‘
@@nﬁmu@ accelerated corrosion

'Sﬁm@ﬂ@ﬁ@ D Sight images
for DAIS ealibration and training
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@ DIAGRAM OF THE DUAL-PROBE
FIBER INTERFEROMETER

A2

Linear Polarizing HeNe Laser H

GRIN Input
Lens Coupler

A4 A2

~——=—{ees

¥—_ Single Mode
\ Fiber Couplers | Bragg Cell
40MHz

+1 order
beam -

7( Generating Laser

PD input % /4
Coupler
Phase Oscillo-
Demodulator scope Computer
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Crack Detection with Dual-Probe Fiber Interferometer
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Amplitude (Arbitrary Unit)

Crack Detection with Dual-Probe Fiber

Amplitude (Arbitrary Unit)
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Transmission
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Circumferential Scan of a Rivet Head
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SUMMARY OF MODALITIES

1. Laser-beam-in, Laser-beam interferometer out

2. Transducer-in, Laser-beam interferometer out

2 ;

3. Laser-in, Fiberized interferometer out

pl
Y

4. Transducer-in, Fiberized interferometer out

(T

5. Laser-fiberized-in, Fiberized interferometer out

A (7

Option 4 Most Robust & Low Cost
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SELF-COMPENSATING
ULTRASONIC TECHNIQUE

Uitrasonic Ultrasonic
transducer #2

Vi1=A1' Dy’ Re Dy S,
Vi2=A'Dyo'Tc'Dgp'S;
V22=As3'Dyg'Rc Dy S
V217A' Dy T Doy S5

Vi1V
Vi2'Vy

12 ;RQ
TC
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Seli-compensating technique
o for ultrasonic inspection of
DC-10 spar-cap/strap connection

Ultrasonic Ultrasonic
transducer # 1 transducer # 2

bolted joint

crack

Vi11=ArDg Ry Dy 'Sy
V2 =ArDygTicDyy'S,y
Vy= Ay Dy Ry Dy, S,
V1= Ay Dy Ty Dy 'Sy

Vi1V
ViV

RicRyc
T1cTye
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Experimental configuration for ultrasonic
inspection of DC-10 spar-cap/strap connection
with rectangular EDM notch

Personel computer

Ultrasonic flaw detector

EPOCHII
Scanner
ultrasonic bolt hole
transducers e

upper layer

lower layer

EDM notch in lower layer ‘
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ultrasonic
transducers ——r— _
__4 = / P /
' —

~ upper layer

"~ lower layer

sealant .
- EDM notch in lower layer
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Site for ultrasonic inspection of
DC-10 spar-cap/strap connection

'.‘l
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Ultrasonic inspection of
DC-10 spar-cap/strap connection




Ultrasonic inspection of
DC-10 spar-capl/strap connection

Igor Komsky
Northwestern
University,
Evanston, IL

TECHNOLOGY TRANSFER

Bill Jappe
McDonnell Douglas
Corp.
Long Beach, CA
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FAA Center for Aviation Systems Reliability (CASR) ‘

THERMAL WAVE IMAGING
OF WING FASTENER CORROSION

ENLARGEMENT OF REGION
SURROUNDING FASTENER #17

Optical Micrograph of Section of : .
Left Countersink region, Showing Exfoliation

WAYNE STATE UNIVERSITY
w]nsﬁ!u!c for Manufacturing Research I M R
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FAA Center for Aviation Systems Reliability (CASR)

THERMAL WAVE IMAGE OF FASTENER #76
2 (top down view)

OPTICAL IMAGE OF COUNTERSINK 76
(top down view)

.

WAYNE STATE UNIVERSITY R
*Imﬂ'mle for Manufacturing Research IMR
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Difficulties of Contact Mode Ultrasonic NDI ‘

» Cannot separate defect response from substructures without
the aid of an image.

» Excessive variability in coupling conditions, e.g., pressure, tilt
of transducer.

e Obstruction by surface protrusions such as buttonhead rivets.
* Resolution limited by transducer size.

(Last three also apply to motorized contact scans)

Advantages of Dripless Bubbler

e Closed-cycle water coupling -- compatible with hangar environ
ment.

* Highly reproducible coupling condition leads to immersion
quality scans.

» Using focused beam for improved spatial resolution.
* Scans freely over buttonhead rivets.

(Extra items needed: bubbler housing, mounting fixtures to
scanner, water pump, wet vacuum) ‘
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Focused transducer

Transducer housing

Vacuum shroud

Vacuum hose

Membrane

Water pool

.

-

SONNNASNE

— Foam water retaining ring

s

Water inlet tubing
(Coaxial with vacuum hose)

“ Riveted lap splice
T 2303 - /
-

3
- —

717193

s

23

4

Figure 1
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Dripless Bubbler Scanning Orientations (@)

(Vacuum attachment not shown)

Lap splice

Inlet for coupling water

transducer
Stationary
water
Vertical Scannin ’
UP o

Upside-Down
Horizontal Scanning ‘
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Scanning a vertical Boeing lap splice with
' "Dripless Bubbler" developed under FAA-CASR

r

The device allows focused beam ultrasonic
C-scans based on amplitude and time of flight
for corrosion and disbond detection.

It features a closed-cycle water pump and

vacuum and can be operated on vertical or

overhead surfaces. Scans can be made over
' surface protrusions, such as buttonhead rivets.
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Dripless Bubbler Combined with MAUS III

MAUS III sweeps out a band at a time, can follow gradual contour,
scans long sections of lap splice continuously, and has multi-mode
capability.

Image of corrosion in Boeing #6 sample as obtained by dripless
bubbler and MAUS III with 15 MHz, 2" focus transducer. Scan
area = 6.5" x 2" Scan time: 6 seconds.

DB+ MAUS lil.pg
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Scanning of 10'x6' Foster-Miller Panel
using Dripless Bubbler Scanning Bridge

Closed-cycle,water coupled, focused transducer
Center freq. = 1 MHz (using low frequency method)




Dripless Bubbler Scan of Foster-Miller Panel ’
Repair patch with Buttonhead Rivets and Sealant in